ABSTRACT. The skull morphometrics of adult male Antarctic fur seal, Arctocephalus gazella (Peters, 1875) and South American fur seal, A. australis (Zimmermann, 1783) were investigated using a collection of 45 and 38 skulls, respectively. Eighteen measurements were taken for each specimen. Comparative univariate and multivariate statistical analyses included standard statistics, one-way analysis of variance, principal component analysis and discriminant analysis. Individual variation was relatively high for some variables, as expressed by the coefficient of variation. Skulls of A. gazella were larger than those of A. australis for all but two variables: squamosal jugal suture and rostral length. Both species differed significantly as shown by both univariate and multivariate analyses. The discriminant function correctly classified all specimens. The standardized canonical coefficients showed that the variables which most contribute to the differentiation between species were, in decreasing order, the rostral length, palatal length, palatal width at postcanine 5 and braincase width. The present study corroborates that A. gazella and A. australis are phenotipically distinct species.
The polytipic genus Arctocephalus comprises eight species of fur seals which are mainly distributed in the southern hemisphere with the exception of the Guadalupe fur seal, A. townsendi Merriam, 1897, which is known from Isla Guadalupe, Mexico (29° N) and nearby islands (REPENNING et al., 1971) . Of the southern species, three are partially distributed in the Atlantic sector of the Southern Ocean, i.e., the South American fur seal, A. australis (Zimmermann, 1783) , the Subantarctic fur seal, A. tropicalis (Gray, 1872) and the Antarctic fur seal, A. gazella (Peters, 1875) (KING, 1983) . The two former species partially overlap in their distributional range, and hybridization between them has been reported (CONDY, 1978; KERLEY & ROBINSON, 1987) . In contrast, A. gazella and A. australis present separated geographical ranges, with the former species distributed to the south and the latter to the north of the Antarctic Polar Front. However, vagrant individuals of both species have been reported crossing this natural barrier (CSORDAS, 1962; PAYNE, 1979; PINEDO, 1990; DANERI et al., 1997; OLIVEIRA et al., 2001) .
Regarding skull morphometrics, previous studies have shown a marked degree of variation and overlap in skull measurements within and among species of Arctocephalus (e. g. SIVERTSEN, 1954; KING, 1969) . REPENNING et al. (1971) stated that several species of Arctocephalus were distinguishable on the basis of suites of cranial measurements and considered that skull length, rostral length, nasal length, height of forehead and width of palate between postcanines were most useful for their identification. Additionally, tooth size and pattern were also found to be important characters for distinguishing species. However, they admitted the existence of great intraspecific variation for each of these skull measurements. Moreover, as pointed out by BRUNNER (1998a) , the main problems found in taxonomic studies of fur seals are related to small sample sizes, and the lack of quantitative information on variation of the morphology within species. These problems have usually led to either erroneous specific identifications or misleading conclusions on the taxonomic relationships among species of Arctocephalus. For instance, KING (1954) , based on the analysis of only three fur seal skulls from Galapagos Islands, assigned them tentatively to the species A. australis. The same author, after comparing DANERI et al. measurements and proportions of two skulls of Arctocephalus philippii (Peters, 1866) and one of A. townsendi, concluded that these species are very similar to each other and should be synonymized under the name A. philippii, wich has priority. However, REPENNING et al. (1971) recognized the Galapagos fur seal as a full species, Arctocephalus galapagoensis Heller, 1904 , and also proposed the specific separation of the Juan Fernandez and Guadalupe fur seals as A. philippii and A. townsendi respectively. To the present, skull morphometric studies within and among fur seal species based on a relatively large number of specimens and employing multivariate analysis techniques have been scarce (e. g. BRUNNER, 1998a; KERLEY & ROBINSON, 1987; OLIVEIRA et al., 1999; KERLEY et al., 2000) . Additionally, no comparative study of this type has been performed between the Southern fur seal, A. australis and the Antarctic fur seal, A. gazella. Therefore, the aim of the present study is to examine the skull differences between adult males of these two fur seal species as well as their intraspecific variability by means of univariate and multivariate analyses.
MATERIAL AND METHODS
This study was based on 83 male skulls of two species of fur seals of the genus Arctocephalus: A. gazella (n = 45) and A. australis (n = 38). All A. gazella skulls came from South Orkney and South Shetland Islands, except one specimen from South Georgia, while those of A. australis were collected on islands and mainland coasts of the Southwest Atlantic. Specimens were examined from the collections of the Museo de La Plata, Departamento Científico Zoología Vertebrados, División Mastozoología, La Plata (MLP); Museo Argentino de Ciencias Naturales "Bernardino Rivadavia", División Mastozoología, Buenos Aires (MACN-Ma); Instituto Antártico Argentino, Buenos Aires (IAA); Museo Nacional de Historia Natural, Montevideo (MNHN) and Facultad de Ciencias, Zoología Vertebrados Colección Mamíferos, Montevideo (ZVCM).
Only male skulls were included in the study as no female skulls of A. gazella were available from the above collections. Sex was taken from specimen labels.
Specimens were aged on the basis of a suture index (SI) following SIVERTSEN (1954) , who considered as adults those with SI 19-36. However, BRUNNER (1998a), analyzing the skull morphometrics of two species of fur seals, Arctocephalus pusillus (Schreber, 1776) and A. forsteri, considered that adult males that had reached physiological maturity (when condylobasal length no longer increases) were those with suture index of at least 24. Therefore, we included for statistical analyses only individuals of SI 24 or more.
A total of 18 measurements ( Fig. 1) were taken for each skull using a dial caliper to the nearest 0.1 mm. Measurements corresponded to those used in previous otariid studies (SIVERTSEN, 1954; KERLEY & ROBINSON, 1987; BRUNNER, 1998a,b; KERLEY et al., 2000) : Condylobasal length (CBL), zygomatic width (ZW), braincase width (BW), mastoid width (MW), interorbital width (IOW), supraorbital width (SOW), preorbital width (POW), rostral length (RL), squamosal-jugal suture length (S-JL), zygomatic root width (ZRW), palate width at postcanine 1 (PW1), palate width at postcanine 3 (PW3), palate width at postcanine 5 (PW5), upper postcanine length (UPCL), palatal length (PL), occipital crest-mastoid (OC-M), auditory width (AW) and distance between basion and bend of pterygoid (B-PT).
Some traditional measurements (e. g. rostral width, length and width of nasals) were not included in the analyses since many skulls had these structures damaged. Mandibular measurements were also excluded due to the lack of the mandible in many skulls of A. australis.
Univariate and multivariate statistical analyses were performed using the statistical software package Statistica (v. 5.5) (STATSOFT, 1999) . Standard statistics comprised mean, standard deviation, coefficient of variation (CV) and range. Also, one-way analysis of variance on each character was used to ascertain whether or not significant differences existed among species. Interspecific differences were also investigated for each character using the percentage difference between means (% D) (KING & MOODY, 1982; REIG & RUPRECHT, 1989) ; the mean for these percentages ( x % D) was also calculated.
Since multivariate analyses require complete data sets, those missing cranial measurements of each specimen were estimated by stepwise regression from the remaining subset of cranial variables available for this specimen (REIG & RUPRECHT, 1989; REIG, 1992) . Estimates were made separately for each species and the predicted values were then filled in the data matrix. Fourteen estimated measurements were included representing 1.04 % of total data. Following KERLEY & ROBINSON (1987) those variables showing relatively high CVs (>9%) were excluded from further multivariate analysis. These were S-JL, ZRW, PW3 and SOW.
A principal component analysis (PCA) and a discriminant function analysis were performed on log transformed data in order to investigate morphological variation within each group and to examine relationships between species.
For the PCA, the values of the original variables were standardized to z scores so that each variable had equal weight. This procedure removes bias resulting from larger measurements being dominant over the smaller (BRUNNER 1998a (BRUNNER , 2002 . The standard method of the Statistica (v. 5.5) program, which includes all variables in the discriminant analysis, was used. The standardized canonical coefficients, which represent the contribution of each variable to the discriminant function, were inspected in order to investigate the group differences. ZVCM, 12, 351, 359, 361, 362, 1518 ZVCM, 12, 351, 359, 361, 362, , 1537 ZVCM, 12, 351, 359, 361, 362, , 1543 ZVCM, 12, 351, 359, 361, 362, , 1546 ZVCM, 12, 351, 359, 361, 362, , 1549 ZVCM, 12, 351, 359, 361, 362, , 1550 ZVCM, 12, 351, 359, 361, 362, , 1557 ZVCM, 12, 351, 359, 361, 362, , 1591 ZVCM, 12, 351, 359, 361, 362, , 2129 ZVCM, 12, 351, 359, 361, 362, , 2130 ZVCM, 12, 351, 359, 361, 362, , 2131 ZVCM, 12, 351, 359, 361, 362, , 2562 
RESULTS
On average, skulls of A. gazella were larger (x % = 9,7) than those of A. australis for almost all dimensions except for squamosal-jugal suture length and rostral length. Palate width at postcanine 5 and zygomatic root width were the characters with the highest value of percentage of difference among species; nevertheless, all measurements showed an overlap in ranges. Individual variation, expressed by the coefficients of variation (CV), was relatively high for some variables in both species (Tab. I).
Univariate analyses of variance were carried out including estimated values, in order to make F values comparable (i. e. with the same degrees of freedom). The tests revealed highly significant differences between species in all variables (P < 0.001), with the exception of rostral length (P > 0.05, Tab. I). Palate width at postcanine Fig. 1 . Skull measurements used in this study (AW, auditory width; B-PT, distance between basion and bend of pterigoyd; BW, braincase width; CBL, condylobasal length; IOW, interorbital width; MW, mastoid width; OC-M, occipital crest-mastoid; PL, palatal length; POW, preorbital width; PW1, palate width at postcanine1; PW3, palate width at postcanine 3; PW5, palate width at postcanine 5; RL, rostral length; S-JL, squamosal-jugal suture length; SOW, supraorbital width; UPCL, upper postcanine length; ZRW, zygomatic root width; ZW, zygomatic width).
5, palatal length and zygomatic root width showed the most significant difference (highest F values) between species (Tab. I). The PCA performed for A. gazella revealed that the percentage of total variance that best explained the data was summarized in the first three components. Component I accounted for 46.2% of the total variation and was interpreted as a size component as suggested by the relatively large and positive coefficients for almost all measurements. Component II accounted for a further 11.9% of the total variation and was described as a shape component because of their positive and negative coefficients. This component was mainly influenced by upper postcanine length, palatal length and auditory width. Component III, also a shape component, accounted for a further 8.2% of total variation and was influenced mainly by interorbital width and palatal width at postcanine 5 (Tab. II). Eigenvalues for components I, II and III were 6.46, 1.66 and 1.14 respectively.
On the other hand, PCA for A. australis showed that Component I related to size and accounted for 45.3% of the total variation. Component II, a shape component, accounted for a further 11.5% of the total variation and was influenced by braincase width, interorbital width and palatal width at postcanine 5. Component III, also a shape component, accounted for 9.7% of the total Table I . Basic statistics (in mm) of 18 skull measurements (see the text for explanation of abbreviations) of Arctocephalus gazella and A. australis. The percentage of difference between means (% D) and their mean (**) are also given. F values were calculated from complete data set (including estimated values); all variables showed significant differences ( P < 0.001) between species, except RL (*, P = 0.38); degrees of freedom: 1.81. variation and was influenced primarily by palate width at postcanine 5, braincase width and palate width at postcanine 1 (Tab. III). Eigenvalues for components I, II and III were 6.33, 1.60 and 1.35 respectively. Additionally, a PCA for both species combined i.e without prior grouping of material, was performed. In this case, the total variation of the pooled data was summarized in two components. Component I, a size component, with all positive (mostly large) coefficients, accounted for 61.5% of the total variation. Component II accounted for another 9% of the total variation being mainly influenced by rostral length, braincase width and palate width at postcanine 5 (Tab. IV). Eigenvalues for components I and II were 8.60 and 1.26 respectively.
The diagram illustrating the pairwise comparison of components I and II shows a clear and good separation between the two species (Fig. 2) .
Finally, the discriminant function analysis indicated significant differences among species (W = 0.10; F = 39.87; d. f. = 14, 68; P < 0.0001, D 2 = 33.06). The function correctly classified all specimens and the derived discriminant scores plotted as frequency histograms clearly illustrate the separation between the two species (Fig. 3) . Examination of the standardized canonical coefficients revealed that the variables which most contributed to the discrimination between groups, in decreasing order, were rostral length, palatal length, palatal width at postcanine 5 and braincase width (Tab. V).
DISCUSSION
Fur seals of both species exhibited a relatively high variation, expressed by the coefficients of variation (CV) in some cranial measurements. High CVs have been also reported in previous morphometric studies of Arctocephalus species (e. g. KERLEY & ROBINSON, 1987; BRUNNER, 1998a; KERLEY et al., 2000) . This general variability may be a feature of marine mammals and, as KERLEY & ROBINSON (1987) suggested, this should be taken into account when variables are selected for analysis. Skulls of male A. gazella are larger than those of A. australis in almost all dimensions. The two species differ significantly in all but one variable, the rostral length, as shown by one-way ANOVA. However, when this variable was considered in correlation with the others, it made a significant contribution to the discrimination between species, as shown by the standardized coefficients of the discriminant analysis as well as by the PCA combined for both species. In relation to this character, it is worth mentioning that the rostrum of A. gazella was described by REPENNING et al. (1971) as distinctively broad and rather short while that of A. australis is moderately long . Additionally, we observed that A. gazella presents a wider palate than A. australis. The tooth row of the former species is characterized by a posterior divergence, especially at the level of the fifth postcanine teeth. In A. australis, the tooth rows are roughly parallel and there is only a slight divergence at the level of the fifth postcanine. This is in line with the great contribution of the palatal width at postcanine 5 to the differentiation between both species found in this study. The squamosal-jugal suture as well as the zygomatic root width were mentioned by KING (1959) as two of the three most useful characters for distinguishing A. gazella from A. tropicalis. However, KERLEY & ROBINSON (1987) excluded them from their study because they considered that these variables exhibited high intraspecific variation or high interspecific overlap, not being suitable for taxonomic purposes. Other characters also excluded under the same criteria by these authors were supraorbital width and rostral length (gnathion to preorbital process length sensu KERLEY & ROBINSON, 1987) . In the present study these same characters, together with palatal width at postcanine 3, were also excluded from multivariate analysis because of their high CVs with the exception of rostral length, which presented a CV<5%. REPENNING et al. (1971) stated that, despite the great individual variation in skull measurements, postcanine teeth probably provided the easiest key to the identification of fur seal species. According to these authors the teeth of A. australis present either prominent anterior and posterior cusps or a single main cusp with a suggestion of an anterior accessory cusp. Also, a weak diastema is present between the fifth and sixth postcanines. In contrast, postcanine teeth of A. gazella are small, unicuspid, and with a distinctive abrasion on their lingual surface. Prominent diastema which tend to be larger between the posterior premolars and between the molars are also characteristic of the species. A similar description of the postcanine dentition of A. gazella was made by DREHMER & OLIVEIRA (2000) . Our visual inspection of postcanine teeth from skulls of both species were consistent with the above descriptions. The multivariate analyses performed in the present study, based on cranial characters, corroborate the statement of REPENNING et al. (1971) that both A. gazella and A. australis are phenotipically distinct species. This study was the first to provide information on comparative cranial morphometrics between A. australis and A. gazella. However, it was restricted only to adult male specimens due to the lack of sufficient material of other sex/age groups. Several authors have previously stated that a statistical identification procedure for all species of the genus Arctocephalus would be of great benefit as these have proved to be morphologically similar. Future studies of this type, including a higher number of species of the genus, would clarify the degree of individual variation both within and between species.
